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© Fluorine-containing AB-type block copolymer. 

© A fluorine-containing AB-type block copolymer is dis- 
closed having a fluorine-containing polymer chain and a 
polymer chain having affinity for a resin whereby properties 
possessed by fluorine atoms such as water repellency, oil 
repellency and staining resistance are imported to the surface 
or interface of the resin to be modified. 
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FLUORINE-CONTAINING AB-TYPE BLOCK COPOLYMER 

This invention relates to a fluorine-containing AB-type block copolymer having a fluorine-containing polymer 
Tha^en'aK^^ 

^t^oo^n^Zo block copolymer of the present invention functions in such a manner that 
th IfluS?«oSS Slymer chain is oriented to the surface or interface of the rosin to be modified, while 
ne ooSner cha n having affin^ for a resin is fixed to the resin. Accordingly, it can be used in venous fields .n 
pS^P«»««l by fluorine atoms such as corrosion resistance water res.stance^ 
Sven SCice chemicalVesistance. non-tackiness, peeling characteristic, lowfr ctional charactenst .low 
abSn stSg resistance, water repellency. oil repellency. weathering resistance, heat resistance 
bSootoal compafibility etc. are desired to be imparted to a resin. Specifically, .t can be used as a pa.nt 
SfflS? redTadd five peeling agent, meld release agent, a water repellent, oil repellent or surfactant 

An attempt has heretofore been made to synthesize fluorine-containing block copolymers which are 
expected toLve the above mentioned excellent surface or interface modification effect but has no been 
successfu with radical polymerization methods. Meanwhile. Japanese Laid-Open Patent FWtafen. 
No 221410 rTas proposed that a block copolymer containing a (per)fluoroalkylene group or (per)fluoroalkyl 
nrmm can be svnthesized by use of a polymeric peroxide or a polyazo compound. 

9 However whe^ I flu^e-containing block copolymer is synthesized by the use of a polymeric perox.de or 
nolv^o compound as mentioned above, the molecular weight of the resulting polymer can be controlled with 
SKty^ndfurther ZZfSLni are by-produced whereby it is difficult to obtain a block copolymer of h.gh 

PU £n obiect of the present invention is to solve the above problems. The present inventor has found that a 

aS fo ^ resin fncomWnation can impart various excellent properties possessed by fluorine atom , such i as 
S?rlpetlency. oil repellency and staining resistance to the surface or interface of the res.n to be modrf.ed. 
and also the effects are permanent, thereby accomplishing the present inventon 
Lie speciflcally. the fluorine-containing AB-type block copolymer is represented by the following formula 



30 (I): 



35 



,NCS — M R 

R 2 / 11 
K S 



wherein Ri represents a hydrocarbon group having 1 to 10 carbon atoms; R* represents a hydrogen atom or a 
40 hydrocarbon group having 1 to 10 carbon atoms; R* represents a benzyl group. 

CH — C~ O— R 4 

45 O 

(wherein R< represents an alkyl group having 1 to 18 carbon atoms) or an alkyi g^P having J Jo 18 carbon 
atoms- M represents a group represented by the formula (M* hr+ M')„ or (M 1 Ys~t M )„. each or m 
and rj" beingTnatura. number of 20 to 5000; N/H represents a (meth)acry.ate residue represented by the 



so 



55 



60 



formula 

R 5 
I 

— CH— C 



I 

COOR 6 



(wherein R5 represents a hydrogen atom or a methyl group, and R* represents a hydrocarbon group having 1 
io 51 Sbon atoms or a hydrocarbon group having 1 to 18 carbon atoms substituted with an alkoxy group or a 
hydroxyl group) or an aromatic vinyl residue represented by the formula: 
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f 



— CH— C— 
R 8 

(wherein R? represents a hydrogen atom or a methyl group, R8 represents a phenyl group or an alkylphenyl 10 
group) or a fatty acid vinyl ester residue represented by the formula: aiKyipnenyi 



20 



— CH— CH,— 

oc- R8 
o 

(wherein R» represents a hydrocarbon group having 1 to 18 carbon atoms); M2 represents a 
fluorine-containing vinyl residue represented by the formulae (II) to (VI); 

— CH 2 — C (II) 

COOR 11 

30 

wherein Ri° represents a h V*ogen atom, a methyl group, a fluorine atom or a fluorine-substituted alkyl arouo 
having 1 to 16 carbon atoms, and R" represents a fluorine-substituted alkyl group having 1 to 16 carbon 
atoms, " 35 

RIO 

— CH— C— r«3 

COOR l2 NS0 2 R 11 



^no in i R t 10 fn d "I' haV f the M ™ ™ an| n0» as ^ose in the formula (II), R« represents an alkylene group 
having 1 to 10 carbon atoms and R« represents an alkyl group having 1 to 10 carbon atoms, 



45 



SO 



R'° 
I 

— CH— C— Ria (IV) 

COOR ,2 NC0 2 R n 

55 

wherein Rio, rh, R 12_ r i 3 have the same meanings as those jn fhe formu|a 

i 60 
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R I0 

' (V) 

■OH,-?- 

COOR 14 OR 16 
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R16 being required to contain fluorine. 



R 16 R 18 

i c— IVI) 

""I I 

R" R 19 



* " herein means recurring units of a monomer having vinyi group which 

have been bonded by addition P^ er ^'° n - _ ccording t0 the present invention has a structure that a 

- ^h^om^ 

m eans of, for example melt ^VSS^ SSSS??5 Cr^comaining^ymer chain will be 
system as a whole becomes the m, ?™^" d ^ 

orientated to the surface or interface of the ^'^^^^L m modifies the surface or interface of 

- TheSr^ 

be prevented. cooolvmer of the present invention can impart various 

40 properties. 



45 



50 



55 



the formula: 

R 5 
I 

— CH 2 — C- 



COOR 6 



hydroxyl group). / me>th \ acr vlic acid ester residue may Include (meth)acrylates such as 

Examples of monomers forming the ^f^ ^S^ is obutyl (meth)acrylate, hexyl (meth)acry- 
methyl (meth)acrylate, ethyl ( me ^)f^a^ decyl (meth)acryiate. stearyl 

late, isooctyl (meth)acrylate, 2-ethylhexyl ^l^^^J^SLSL, 2-ethoxyethyl (meth)acrylate. 
(meth)acrylate. hydroxyethyl me *>^ ether, (meth)acrylic acid 

2-butoxyethyl (meth)acry late, ^J^^'JJSjKnS glycol monobutyl ether and the like. 
d *^X%™?*l^£ZT^ re^uereVesenYed by the formula: 



4 
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R 7 

-CH,-C- 
R 8 

(wherein R 7 represents hydrogen atom or methyl group, and R 8 represents phenyl group or an alkylphenyl 
group). ' 10 

Examples of the monomers for forming the aromatic vinyl residue may include styrene, p-methylstyrene 
o-methylstyrene, a-methylstyrene, p-methylstyrene and the like. 

Alternatively, M 1 represents an aliphatic vinyl ester residue represented by the formula: 



— CH— CH 2 — 

0 ? - R s 

o 



R io 
I 

*CH 2 — C (II) 

COOR 11 



15 



20 



(wherein R 9 represents a hydrocarbon group having 1 to 18 carbon atoms). 

Examples of monomers for forming the aliphatic vinyl ester residue may include vinyl acetate, vinyl 05 
propionate, vinyl butyrate, vinyl caproate, vinyl 2-ethylhexanoate, vinyl laurate, vinyl stearate, etc. ' 

Fluorine containing vinyl monomers 

M 2 represents a fluorine-containing vinyl residue represented by the formulae (II) to (VI). 



30 



35 



(wherein R 10 represents hydrogen atom, methyl, group, fluorine atom or a fluorine-substituted alkyl group 
having 1 to 16 carbon atoms, and R 11 represents a fluorine-substituted alkyl group having 1 to 16 carbon 40 
atoms). 

Examples of monomers for forming the fluorine-containing vinyl residue of the formula (II) may include: 
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CF 3 (CF 2 ) 7 CH 2 CH 2 OCOCH = Ctt, , 
CF 3 (CF 2 ) 4 CH 2 CH 2 OCOC(CH 3 ) = CH 2 , 
CF 3 CH 2 OCOCH = CH 2 , 

CF 3 \ 



nr? ^CF(CF 2 ) 6 (CH 2 ) 3 OCOCH=CH 2 , 



10 



CF 3X 



CF 3 ^ CF(CF 2 ) 10 (CH 2 ) 3 OCO(CH 2 ) = CH 2 , 



15 9 H 3 



CF 3 (CF 2 ) 4 CHOCOC(CH 3 )=CH 2 , 



CF 3 CFCT__ 2 __ 2 ^.CFC 2 F 4 CH 2 CH 2 OCOCH = CH 2 , 



20 ^ CF 2 CF 2 

^-CF, 

' 5 H ^ C=C ' CJ1 ^ CF ^ CF < CF 3 
H ^ ^COOCH 2 CH 2 (CF 2 ) 7 CF 3 

30 ^ CF- 

H \ ^ CH 2 CH 2 (CF 2 ) 4 CF < 3 

c — c 3 

H ^ " ^•COOCH 2 CII 2 (CF 2 ) 7 CF 3 

H ^ ^ CH 2 CH 2 (CF 2 ) 8 CF < 3 

C=C w 3 



35 



40 



45 



50 



C 2 H 5 



H ""COOCH 2 CH 2 (CF 2 ) 4 CF 3 
C, 

r 

H(CF 2 ) 6 COCOC(CH 3 )=CH 2 , 
H(CF 2 ) 8 CH 2 OCOCH=CH 2 , 
H(CF 2 ) 4 CH 2 OCOCH = CH 2 , 
H(CF 2 ) 6 CH 2 OCOC(CH 3 ) = CH 2 , 
55 CF 3 (CF 2 ) 8 CFHCF 2 CH 2 OCH=CH 2 , 

HCF,CF C CF2_ CFC 2 F 4 CH 2 CH 2 OCOCH=CH 2 
CF 2 — CF 2 ^ 

and the like. 

65 
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R 



10 



— CH— C— R 13 



(III) 



COOR 12 NS0 2 R u 



(wherein R1° and R 11 have the same meanings as R 10 and R 11 in the formula (II), Riz represents an alkylene 
group having 1 to 10 carbon atoms, and R13 represents an alkyl group having 1 to 10 carbon atoms). 

Examples of monomers for forming the fluorine-containing vinyl residue of the formula (III) may include- 
CF3(CF 2 )7SOaN(CH3)CH2CH 2 OCOC(CH3) = CHa, 
CF 3 (CF2)7S02N(CH3)CH2CH20COCH = CH 2l 



^ CF 2 — CF 2 \ 
C 2 F 5 CF CFCF 2 CF 2 S0 2 NCH, 
CF 2 — CF 2 ' 222-1 



f 



CH 2 = CHCOOCH 2 CH 2 



10 



15 



20 



C 8 Fi 7S0 2 N(CH3)(CH 2 ) 10OCOCH = CH 2 . 
C2FsS0 2 N(C 2 H5)CH2CH20COC(CH3) = CH 2 , 
C 8 Fi7S02N(CH 3 )(CH2)40COCH = CH2, 
C2F s S0 2 N(C 3 H7)CH 2 CH 2 OCOC(CH3)=CH 2 , 
C 2 FsS02N(C 2 H 5 )C(C2H 5 )HCH20COCH «= CH 2 , 



25 



H 
H 



c=c 



CH,CH,(CF 2 ) 8 CF 



CF 3 
CF, 



^COOCH 2 CH 2 NS0 2 (CF 2 ) 7 CF 3 
CH 3 



30 



35 



and the like. 



40 



R 10 



CH— C- 



R 13 



COOR 12 NC0 2 R 11 



(IV) 



45 



(wherein R 10 , R 11 , R 12 and R 13 have the same meanings as those in the formula (III)). 

Examples of monomers for forming the fluorine-containing residue of the formula (IV) may include* 
C 7 Fi5CON(C 2 H5)CH20COC(CH3) = CH2. 
C2F 5 CON(C2Hs)CH 2 OCOCH = CH 2 . 
CF3(CF 2 )2CON(CH3)CH(CH3)CH 2 OCOCH - CH 2l 
CH 3 (CF2)7CON(CH2CH 2 CH3)CH2CH20COC(CH3) = CH 2 , 



50 



55 



60 



65 
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^ CH 2 CH 2 (CF 2 ) 8 CF <. 3 
CH 2 =C 2 2 zb C f 3 

5 ' ^COOCH 2 C 2 H 5 NCOC 7 F 15 

C 2 H 5 

10 ^ CH 2 CH 2 (CF 2 ) 8 CF < 3 

CH, = C 2 CF 3 



15 



20 



45 



and the like. 



55 



COOCH 2 C 2 H 5 YCOC 2 F 5 
CH, 



R 10 



— CH— C— 
25 COOR 14 OR 15 



(V) 



CF3CH2OCH2CH2OCOCH = CH 2 , 
35 HCF 2 CF20CH2CH20COCH-CH2, 

C2Fs(CH2CH 2 0)2CH20COCH - CH 2 , 
C 8 Fi70CH 2 CH20COC(CH 3 ) = CH2, 



40 CF 3 \ 



CF 3 



CFO(CH 2 ) 5 OCOCH = CH 2 



CF 3 (CF 2 ) 4 OCH 2 CH 2 OCOC(CH 3 ) = CH 2 , 
OF \ 

„J j: CF(CF 2 ) 6 (CH 2 ) 3 OCH 2 CH 2 OCOCH = CH 2 , 

50 ^ CF, 

CH 2 CH 2 (CF 2 ) 8 CF < 3 

U 2 ^COOCH 2 CH 2 OCH 3 



and the (ike. 
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R 16 R 18 
I I 

— C — C — (VI) 

1 I 

R 17 R 19 

(wherein R 16 , R 17 , R 18 , R 19 each represent hydrogen atom, chlorine atom, fluorine atom, phenyl group, a 
substituted phenyl group, a fluorine-substituted alkyl group having 1 to 6 carbon atoms, at least one of R 16 to 10 
R 19 being a fluorine-substituted group). 

Examples of monomers for forming the fluorine-containing vinyl residue of the formula (VI) may include* 
CCI 2 = CFCI, CFCl-CFCI, CF 2 = CCI 2 , CCIF = CF 2 , CF 2 = CF 2| CHCI = CFCI, CHF = CCI 2 , CHCI~CF 2 
CHF-CCIF, CHF = CF 2> CHF = CHCI, CH 2 = CCIF, CHF-CHF, CH 2 = CF 2 , CH 2 = CFH, CF 2 = C(CF 3 ) 2 ' 
CF 3 -CF = CF 2 , CF 3 -CH~CHF, CF 3 -CH = CH 2 , C 3 F 7 (CH 3 )C==CH 2 , CF 3 CF 2 CF = C(CF 3 ) 2i (CF 3 ) 2 CFCF« CF- 15 
CF 3 , 



CH 2 =CH- 



20 



and the like. 

Specific examples of fluorine-containing monomers for forming the fluorine-containing polymer are as 
mentioned above, and at least one of these is used as a main component of the fluorine-containing vinyl 2 5 
polymer. Other fluorine-containing vinyl monomers or vinyl monomers than the above main component may 
also be used insofar as the modification effect of the block copolymer on the surface of a polymer material is to 
be exhibited. 



30 



Preparation of block copolymer 

The block copolymer of the present invention is produced by block copolymerizatlon, as follows. 

According to a typical method, one of the monomer M 1 for forming the resin-affinitive polymer chain and the 
monomer M 2 for forming the fluorine-containing polymer chain is polymerized by the action of a radical 
polymerization initiator to form a polymer chain corresponding to the resin-affinitive polymer chain or the 
fluorine-containing polymer chain and having at the terminal end a free radical source comprising a free radical 35 
or a precursor thereof (first step) and then polymerizing the other monomer with the free radical source 
(second step). 

The radical polymerization initiator in this case should preferably have the functions of chain transfer and 
termination in combination. A specific example of such radical polymerization initiator is one which gives 
dithiocarbamate group to the terminal end of the polymer chain formed. The dithio carbamate group formed at 40 
the terminal end of one block polymer chain is decomposed by giving light energy thereto to generate free 
radical, wherefrom formation of the other block is initiated. 

The initiator preferably used in synthesis of the block copolymer according to the present invention, which 
has the functions of chain transfer and termination in combination in a radical polymerization process as set 
forth above, is called iniferter (Otsu, Kobunshi, 3, 222 (1984)). Specifically, it is a sulfur-containing compound 45 
and a typical example thereof is represented by the following formula (VII). The block copolymer can be 
synthesized by the use of one or more kinds of the compounds. 

NCSR 3 (VII) 50 

R2 / f 

(wherein R 1 represents a hydrocarbon group having 1 to 10 carbon atoms, R 2 represents hydrogen atom or a 
hydrocarbon group having 1 to 10 carbon atoms, and R 3 represents benzyl gorup, 

-CH— C— 0-R< 

o 

(wherein R 4 represents an alkyl group having 1 to 18 carbon atoms) or an alkyl group having 1 to 18 carbon gg 
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500 nm. 



^SSibove, the block copolymer according to the present invention can be synthesized according 

^po=edtob.co m .a^Mlnitl^n S «e(asd.^d.n*Mb e ^)^ 
» used STSTiil'mono™. and », <h»rl^,«*. ™£™ ^^TTSoodd «» 

homogeneous or heterogeneous, provided S "J^ is used in the first step, 

initiator to the monomer. For example, when 1 nwIM^ n.^b^r averaae molecular weight will be about 
'iS^^JS.S'SSe^ w.Wd o.n da — d b, «. m* r-l. - *. P*»- 

repellent effects are not satisfactory. block copolymer, the water 

If the content of the fluorine-containing block is less than 5<Vb by we.g bt in tne P y ^ ereb water 

repellent and oil repellent chain cannot suffidently c °^r^ 

repellent and oil repellent effects are not sat.sfac ory. On: he i other cnain should becom e 

cause poor dispersion. 

Modification o f surface characteristics nrneD . invpntlon mav be effected by compounding 

Modification of surface charactenst.es according to the P«""^^ J y be employed 
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10 parts by weight, based on 100 parts by weight of a polymeric material. If the amount is less than 0 01 part bv 
weight, the effect according to present invention will be insufficient, while characteristics inherent in a 
polymeric materia! may be deteriorated if it is in excess of 30 parts by weight. The block copolymer of the 
present invention may be added alone to a polymeric material to be modified, or it may be used in combination 
with a known fluorine-containing surfactant. The amount of such fluorine-containing surfactant used is 
preferably 0 to 500/o by weight based on the block copolymer according to the present invention. If the amount 
is larger than 500/ 0 by weight, the effects of the present invention will be impaired. 
The polymeric material with its surface being modified is preferably in its molded form. 

EXAMPLES 

The following examples are to illustrate some embodiments of the present invention without implvino a 
limitation. H y y 

All parts and o/ 0 in the examples are based on weight. 

Reference Example 1 

(A) Synthesis of polymer initiator: 

Apparatus: In a thermostat tank with an inner temperature of 50° C, a vessel of 200 ml volume with a 
diameter of 3 cm made of Pyrex glass was positioned at a distance of 10 cm from a UV-ray lamp with an outout 
of 400W (H400 PL, manufactured by Toshiba Denzai). Monomers: 

Methyl meth aery late 50 parts 
Ethyl acrylate 50 parts 

Benzyl N.N-diethyl dithiocarbamate 2.39 parts 

Polymerization operation: The above monomers were charged into the above vessel, and the vessel was 
replaced with nitrogen and then sealed. Photopolymerization was carried out by irradiation of UV-ray for about 
10 hours. The acrylic polymer initiator obtained was a pale yellow and transparent solid. The amount of residual 
monomers was 1.60/ 0 as the total amount of the both monomers. The number average molecular weight by 
GPC calculated on polystyrene (hereinafter abbreviated as M N ) was 9,800, and the weight average molecular 
weight calculated on polystyrene (hereinafter abbreviated as Mw) was 22.000. 

(B) Synthesis of block copolymer: 

40 parts^of powder obtained by pulverizing the acrylic polymer initiator obtained in (A). 40 parts of 

CH 2 - CH c OCH 2 CH2(CF 2 )7CF3 and 160 parts of methyl ethyl ketone were well mixed and dissolved and the 
resultant solution was placed in the same apparatus as used in (A) . After replacing the inside of the vessel with 
nitrogen, photopolymerization was carried out by irradiation of UV-ray for about 10 hours to obtain a 
translucent white polymer dispersion. Thereafter a composition was reprecipitated with methanol and dried 
and extraction operation with the use of acetone, etc. was repeated to obtain 66 parts of a block copolymer' 
The block copolymer formed had an M N of 21,000, an M w of 45,000, and the total amount of the residual 
monomers was less than 10/0. " 

Reference Example 2 

Into a reactor equipped with a thermometer, a stirrer and a reflux condenser were charged: 

methyl methacrylate 50 parts 
ethyl acrylate 50 parts 
benzoyl peroxide 2 parts 
methyl ethyl ketone 200 parts 

and after replacing the inside of the vessel with nitrogen, reaction was carried out by heating at 70°C for 6 
hours to obtain a colorless acrylic paint solution with Mn — 52,000 and Mw= 130,000. The resin content in the 
solution was 33Q/0. 

Examples 1-3 

The block copolymer synthesized in Reference Example 1 was added to the acrylic paint solution 
synthesized in the Reference Example 2, and the water repellency and oil repellency of the film formed were 
measured. The water repellency and oil repellency were measured after forming a film to a thickness after 
drying of 20 \i on an iron plate treated with wash primer and then drying the film on air for 24 hours. Also as a 
permanency test, the above test strip was dipped in distilled water at 25° C for one week and then the water 
repellency and oil repellency were measured thereon. 

The compositions and the results are shown in Table 1. 
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%gg^tgnw£l e en ected in the same manner as in Examp.es 1-3 except for adding no b.ock po.ymer 



synthesized in Reference Example 1 
Ther results are shown in Table 1. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



12 



3NSDOClD<EP 0291297A2J_> 



0 291 297 



Eh 

















r \ 
U 












#— • 
L« 












(11 

—I IJ 


o 

lO 


o 

CO 


o 

lO 


o 

•— i 




o 

<u 


CD 


*«r 


CO 




o 












I— • 


CU 










I aj 












c 




































u 


U 












U u 












m 












?J r-i 


00 


CQ 


CO 


cn 






r- < 


O 


rH 


CO 




M4 


i—i 




»— ' 
















0) 












S-i 




































>i 












O 
























o 


o 


o 


o 




00 


O 


CO 


co 


o d 


CO 


lO 


CO 






a; 
























QJ 




































rH 












>l 












O 






















0 

o 


o 


o 

o 


o 

CM 


« ™ 




o 




t- 






f-H 


rH 






a. 
























M 












C 












o 










C 


C -H 










o 


-rH 4J 










•H 


CO D 
CD rH 






- 






« O 










0) 


\ cn 










O 


u 










D4 


CU 4J 










e 


e c 










o 




o 
o 


o 
o 


o 
o 


o 
o 


o 




fH 






f— * 




o a 


l— 1 


rH 


lO 


o 












0) 


O C 




o 






-u 


U •■H 










f0 












1— 1 


4J 












O G 










G 


O QJ 










w 


rH -u 










O 


CQ C 










pH 


O 

u 






































r-l 


OJ 


m 


-H rH 
4J 






07 


CU 


0) 


cd a) 






rH 


rH 


rH 


Wl rH 






CL 


CL 


a 


cd a 






E 


e 


e 


a. e 






cd 


id 


id 


E cd 






X 


X 


X 


O X 






w 


w 


w 


o w 



13 



BNSDOCID: <EP 0291297A2_I_> 



0 291 297 



with those of the film obtained without addition of such block copolymer. 
5 Reference Example 3 

{A \Xt:l ^uL n as a Tn r: Reference Examp.e 1(A) were char 9 ed: 

10 styrene 100 parts 

benzyl N.N-diethyl dithiocarbamate 2.39 parts, 

11,000 and an Mw of 25,000. 
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than 1o/o. 



according to the same method as in Examples 1 to 3. 

Comparative Example 3 CvQ(Yin . A n ^ rmt for no t using the block copolymer. 

Example 4. The results are shown in Table 2. 



45 



50 



55 



60 



55 



14 



0 291 297 



CM 





>» 








o 




O 








JQ 




c 








Cd 






o 


o 

CO 


CO 


i , 

D 

cn 




o 


CD 


CO 


CO 


a 
a> 

6 


o 


Di 








c 










c 


CD 


l-l 








D 


c 












m 
























u 


o 










d> 












l-M 


Q) ^ 


e 


e 

O- 


lO 


o 

CO 
oo 






CD 


ai 


o> 




0) 












u 












>1 












o 








3 




c 








cd 


o ^ 


o 

CO 


o 

to 


°* 


3 
W 


P4 

0) 

l-l 


CO 


CO 


CO 


unmet 




>1 












u 






















0 

r- 1 


o 

o 


o 

CO 


o 

OJ 


m "7. 






OS 


05 


l-H 


1— « 






- w 

• a 
a? 
u 


• 




















c 












o 












-H 


\ c 












-H 










-rH 


CU CO 










0) 


e a; 










o 
























e 


O CD 










co: 


cop 
yren 


o 
o 

l-H 


o 
o 

l-H 


O 

o 

»-H 


O 
O 
«— i 


ID 


o 

« — • 


v5 


l-H 


o 


0) 












-u 


o w 












O >t 










rH 


rH rH 












CO o 










E 












u 












O 














































> 








in 


VO 


4J 






0) 


0) 




id a> 






r-l 


—1 


f-H 








Qt 


D* 


a 


id CL 






e 


e 


E 


cu e 






id 


cd 


id 


E <d 






X 


x 




O X 






H 


w 


w 


u w 



15 



BNSDQCID: <EP 029 1 297 A2_l_> 



0 291 297 



10 



15 



It is aooarent from Table 2 that the addition to the polystyrene resin of the specific block copolymer 



Claims 

1 . An AB-type block copolymer represented by the following formula (I) : 

Rl ^ NCS — M — R 3 <*> 

K S 



wherein Ri represents a hydrocarbon group having 1 to 10 ^-to^^^ a hydr ° 9en ^ 
£0 or a hydrocarbon group having 1 to 1 0 carbon atoms; R3 represents a benzyl group, 

— CH— (J— O— R< 
O 
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herein R« »> AX 9™P h.vhg 1 to 18. »*°"*»™> »» ^«™<* ^ 1 J™ 

represented by the formula: 



R 5 
I 

-CH 2 — C— 

COOR 6 



aS group or a hydroxy! group) or an aromatic vinyl residue represented by the formula. 



R 7 
\ 

— CH— C— 
R 8 



(wherein R 7 represents a hydrogen atom or a methyl group R« a P"™* 9rOUp ° r *" 
alkylphenyl group) or a fatty acid vinyl ester residue represented by the formula. 

— CH— CH 2 — 

OC-ro 
O 

(wherein R<> represents a hydrocarbon group having 1 to 18 carbon atoms); M 2 represents a 
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fluorine-containing vinyl residue represented by the formulae (II) to (VI); 

RIO 

— CH— C— • W 

COOR 11 

10 

wherein R 10 represents a hydrogen atom, a methyl group, a fluorine atom or a fluorine-substituted alkyl 
group having 1 to 16 carbon atoms, and R 11 represents a fluorine-substituted alkyl group having 1 to 16 
carbon atoms, 

I 

— CH— C— r» 

COOR 12 NS0 2 R 11 20 

wherein R 10 and R 11 have the same meanings as those in the formula (II), R12 represents an alkylene 
group having 1 to 10 carbon atoms and R 13 represents an alkyl group having 1 to 10 carbon atoms, 2S 

R io 

— CH— 0— r» (IV) M 

COOR ,2 NC0 2 R u 

wherein R 1 <>, R 11 , R12, R" have the same meanings as those in the formula (III), 35 
? 10 

40 

COOR 14 OR 15 

45 



r 



CH— C— (V) 



wherein R 10 have the same meaning as that in the formula (IV), R 14 is an alkylene group having 1 to 10 
carbon atoms or a fluorine-substituted alkylene group having 1 to 10 carbon atoms, R 15 is an alkyl group 
having 1 to 10 carbon atoms or a fluorine-substituted alkyl group having 1 to 10 carbon atoms; at least one 
of R 10 , R 14 and R 15 being required to contain fluorine, 

R 16 R 18 
! I 

— C — C — (VI) 

I I 

R 17 R19 



50 



55 



Wherein R 16 , R 17 , R 18 , R 19 each represent a hydrogen atom, a chlorine atom, a fluorine atom, a phenyl 60 
group, a substituted phenyl group, a fluorine-substituted alkyl group having 1 to 6 carbon atoms, at least 
one of R 16 to R 19 being required to contain fluorine. 

2. The block copolymer according to claim 1, wherein the residue M 1 is formed from a (meth)acrylate 
monomer selected from the group consisting of methyl (meth) aery late, ethyl (meth)acrylate, n-butyl 
(meth)acrylate, isobutyl (meth)acrylate, hexyl (meth)acrylate, isooctyl (meth)acrylate, 2-ethylhexyl 65 

17 



BNSDOCID: <EP. 



r 0291297A2_l_> 



0 291297 

fmotMacrvlate isononyl (meth)acrylate, decyl (meth)acrylate. stearyl (meth)acrylate hydroxyethyl 

moAoethvl ether and (meth)acrylic acid Methylene glycol monobutyl ether. 

3 The block copolymer according to claim 1, wherein the residue M 1 is formed from an aromat, ;ymyl 
monomer selecteS from the group consisting of styrene. P -methylstyrene, o-methylstyrene. a-methyl- 

"T^^^SdS^rOngXo claim 1. wherein the residue Ml is formed from an aliphatic vinyl 

esti monger ™SZ™™T$Lp consisting of vinyl acetate, vinyl propionate, vinyl butyrate. v,nyl 

<n raDroate vinvl 2-ethylhexanoate, vinyl laurate and vinyl stearate. 

to ca PX e S copo ]y mer according to any one of claims t to 4, wherein the residue M* is formed from a 

fluorine-containing vinyl monomer selected from the group consisting of: 

CF3(CF 2 )7CH2CH 2 OCOCH - CH 2 , 

CF3(CF2)4CH2CH 2 OCOC(CH 3 ) = CH 2 , 
15 CF 3 CH 2 OCOCH«=CH 2 , 
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65 



CF 3 




CF 3 




CF 3 




CF 3 





CF(CF 2 ) 6 (CH 2 ) 3 OCOCH=CH 2 ,. 

CF(CF 2 ) 10 (CH 2 ) 3 OCO(CH 3 ) = CH 2 , 

CH.. 
I 

CF 3 (CF 2 ) 4 CHOCOC(CH 3 ) = CH 2 , 

CF — CF \ 
CFXFCr 2 2 ^CFC 2 F 4 CH 2 CH 2 OCOCH==CH 2 
2 ^CF 2 — CF 2 / 

35 ^ CF, 

H \ ^ CH 2 CH 2 (CF 2 ) 8 CF < 3 

H ^COOCH 2 CH 2 (CF 2 ) 7 CF 3 



CF 3 



H \ ^ CH 2 CH 2 (CF 2 ) 4 CF ^ 

C = C 3 

^ ^COOCH 2 CH 2 (CF 2 ) 7 CF 3 

H ^ , CH 2 CH 2 (CF 2 ) 8 CF < 3 

C = C 3 
H ^COOCH 2 CH 2 (CF 2 ) 4 CF 3 



C 2 H 5 



H(CF 2 ) 6 COCOC(CH 3 ) = CH 2 



fiO H(CF 2 )eCH 2 OCOCH = CH 2 , 

H(CF 2 )4CH 2 OCOCH = CH 2 . 
H(CF2)eCH 2 OCOC(CH 3 ) = CH 2 . 
CF 3 (CF 2 ) 2 CFHCF 2 CH 2 OCH = CH 2 . and 
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^CF 2 — CF, , 
HCF 2 CF^ >CFC 2 F,CH 2 CH 2 OCOCH = CH 2 . 

CF 2 — CF 2 " 2 2 2 



6. The block copolymer according to any one of claims 1 to 4. wherein the residue M 2 is formed from a 
fluorine-containing vinyl monomer selected from the group consisting of • 
CF 3 (CF2)7S0 2 N(CH3)CH2CH 2 OCOC(CH3) = CH 2 , 
CF3(CF2)7S0 2 N(CH 3 )CH 2 CH 2 OCOCH = CH 2 

^CF 2 — CF 2 \ 
C 2 F 5 CF \ _ s CFCF 2 CF 2 S0 2 NCH 3 



CF 2 — CF 2 



r 

CH 2 = CHCOOCH 2 CH 2 



C 8 Fi7S0 2 N(CH3)(CH2) 10OCOCH = CH 2t 
C 2 F5S02N(C2H 5 )CH2CH20COC(CH3) = CH 2 , 
C 8 Fi 7 S0 2 N(CH 3 ) (CH 2 ) 4 OCOCH = CH 2 , 
C2F 8 S0 2 N(C3H7)CH 2 CH 2 OCOC(CH 3 ) - CH 2 . 
C 2 F 5 S0 2 N(C 2 H5)C(C 2 H5)HCH 2 OCOCH = CH 2 , and 



H \ c = c / CH 2 CH 2 (CF 2 ) 8 CF < 
H ^ ^COOCH„CH„l 

I 

CH 



COOCH 2 CH 2 NS0 2 (CF 2 ) 7 CF 3 



"•3 

7. The block copolymer according to any one of claims 1 to 4, wherein the residue M 2 is formed from a 
fluorine-containing monomer selected from the group consisting of: C7FisCON(C 2 H 6 )CH 2 0- 
COCfCHs) — CH 2f 

C 2 F5CON(C 2 H 6 )CH 2 OCOCH = CH2, 
CF 3 (CF 2 ) 2 CON(CH 3 )CH(CH3)CH 2 OCOCH = CH 2l 
CH 3 (CF 2 ) 7 CON(CH 2 CH 2 CH 3 )CH2CH 2 OCOC(CH 3 ) - CH 2 , 



CHj = c -C W CF 2)8 CF<5 

^COOCH 2 C 2 H 5 NCOC 7 F 15 
C 2 H 6 

ch != c- ch ^ (cf a cf < cf : 



*COOCH 2 C 2 H 5 IjICOC 2 F 6 

CH 3 



and 



8. The block copolymer according to any one of claims 1 to 4, wherein the residue M 2 is formed from a 
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fluorine-containing monomer selected from the group consisting of: 
CF3CH2OCH2CH2OCOCH = CH 2 , 
HCF2CF2OCH2CH2OCOCH - CH 2 , 
C 2 F5(CH 3 CH20)2CH20COCH = CH2, 
C 8 Fi 7 OCH2CH20COC(CH3)«CH2, 

° Fa ^ CFO(CH 2 ) 5 OCOCH=CH 2 , 
CF 3 ^ 

CF3(CF2)40CH2CH 2 OCOC(CHa-CH2, 

CF3 X CF(CF 2 ) 6 (CH 2 ) 3 OCH 2 CH 2 OCOCH = CH 2 , 
CF 3 ^ 



and 

^CF 

^ ^ CH 2 CH 2 (CF 2 ) 8 CF ^ CF 
CH 2 =C ^COOCH 2 CH 2 OCH 3 



3 



9 The o.ocK copo.ymer according to any one of Cairns 1*4 .wherein the residue M 2 is formed from a 
fluorine-containing monomer selected from Q.^a cHF-CCh. CHCI-CFa. 

CCI 2 =CFCI, CFCl-CFCI, CF 2 =CC 2 . CflF-CF, • CFa-CFa, »« C H 2 =CFH. CF 2 -C(CF 3 a, 

35 (CF 3 ) 2 CFCF -= CF-CF3, and 

^ CH 2 =CH— <0)— C 9 F 19 . 

TT^™ SnpSon co^rMng a pc,»n, e rtc m«.rtt. »d ... "polvm- .cording to d*. 
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